A Controlled Clinical Trial: Akihito SHIMAZU, et al. Department of Psychology, Hiroshima University Graduate School of Education-This study examined effects of web-based psychoeducation on self-efficacy, problem solving behavior, stress responses and job satisfaction. The program was based on social cognitive theory and was primarily aimed at increasing knowledge of stress, self-efficacy, and the use of problem solving behavior. A total of 225 employees were invited to participate in the study. Participants were assigned to an intervention (n=112) or waiting list control group (n=113). Those in the intervention group were asked to access the website and to complete learning within 1 month. To investigate the intervention effect, the change score in the outcome variable was calculated by subtracting the score at preintervention from that at post-intervention (1 week after completion of the learning period). Then, the difference in the scores between groups was examined using analyses of covariance (ANCOVA) with the preintervention score as the covariate. We detected a marginally significant difference between groups in changes in job satisfaction from pre-to postintervention (p=0.081). Participants in the intervention group showed an increase in job satisfaction score, while those in the waiting list control group showed a decrease in it. No significant differences were detected between groups in the other indicators (p>.10). We detected significant or marginally significant intervention effects on self-efficacy, problem solving behavior, stress responses, and job satisfaction among males and younger individuals, and those who had initially higher job strain and higher interest in managing stress. Further research is required with longer time periods (controlled follow-up) and a broader sample to fully determine the intervention effect. (J Occup Health 2005; 47: 405-413) 
As evidence is accumulating that poor psychosocial job characteristics adversely affect health 1, 2) , stress management interventions to improve employees' health have increased during the past two decades [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Interventions designed to reduce occupational stress can be categorized according to their focus 3, 11, 14) : one aims to increase individual psychological resources and responses such as coping skills (individual-focused interventions), and the other aims to improve stressful work environments (organization-focused interventions). Our study was conducted on the basis of an individualfocused approach.
There are various kinds of intervention techniques that represent the individual-focused approach. Cognitivebehavioral training, stress measurements and personalized feedback, meditation, relaxation training, and physical fitness training are all examples. Accumulated experiences from individual-focused interventions show that cognitive-behavioral training is more effective than other techniques 12, 13) . However, workplaces have numerous barriers that impede mental health activities. Lack of experts to deliver mental health services to the workplace is among the most prevalent barriers 15) . Given the lack of experts, it is important to find channels, other than occupational mental health experts, to provide employees with the information, knowledge, and skills to manage job stress and improve mental health.
One such delivery channel is mail-or telephone-based programs [16] [17] [18] . Pelletier et al. 16, 18) showed that both mailand mail/telephone-based job stress interventions can be effective in increasing employees' knowledge of job stress and possible solutions, altering risk behavior and improving self-efficacy and mental health. These findings can be applied to interventions that make use of other information technologies such as e-mail and the Internet. Tate and Zabinski 19) pointed out the following probable benefits in delivering psychological interventions over the computer. First, computerized interventions can overcome physical and geographical constraints as interventions can be offered independent of geographical locale. Second, they can be implemented in a costefficient manner and third, they are not time dependent. These benefits can overcome the lack of experts of occupational mental health.
Most computerized cognitive-behavioral programs that have been developed target psychiatric patients with mood and anxiety disorders, and therefore, are aimed mainly at modifying specific thinking or cognitive patterns [20] [21] [22] [23] [24] [25] [26] . However, most employees in the workplace are from normal populations and do not always have distorted thinking or cognitive patterns. Rather, they use various kinds of coping strategies (behavior and cognition) to deal with the wide range of stressors they experience in the workplace. This suggests that programs that help employees to find appropriate coping strategies by themselves rather than to modify specific thinking or cognitive patterns can contribute to reducing their job stressors and improving their mental health. The present study provided the problem solving technique 27) among various cognitive-behavioral programs and participants can adapt their acquired skills to potential problems that they might confront in the future.
The main purpose of this study was to examine the effectiveness of web-based psychoeducation on selfefficacy, problem solving behavior, stress responses and job satisfaction among workers. According to social cognitive theory 28) , we expected that the program exercise would increase self-efficacy and problem solving behavior (primary outcomes), which, in turn, would decrease psychological and physical distress and increase job satisfaction (secondary outcomes) at post-assessment. We also explored which participants benefited from the interventions by subgroup analyses.
Methods

Study participants and procedure
This study was undertaken as part of a company-wide mental health promotion plan adopted by a construction machinery company in western Japan. The project mainly consisted of two intervention programs, one being an organization-focused intervention that aims to improve stressful work environments and the other being an individual-focused one that aims to enhance the coping abilities of individual employees. The former was offered to blue-collar workers engaged in the production assembly line and engineers engaged in research and development of new products. The latter was offered to white-collar workers assigned supportive tasks (e.g. clerical and managing tasks). This study reports the results of the latter.
We could not estimate a sample size needed to test the hypotheses due to lack of relevant previous research and lack of quantitative information on the clinical/practical significance of outcome measures. We recruited as many potential participants as possible. A total of 225 employees were invited to participate in the study by industrial health staff. Before entering the study, all participants were informed about the project by the industrial health staff with an informational pamphlet and by their work leaders in meetings. Those who consented to enter the study were assigned to an intervention group (n=112) or a waiting list control group (n=113) according to employee number (odd number=intervention group, even number=waiting list control group).
In September 2003, a baseline survey (T1) was conducted with both the intervention and waiting list control groups. After fulfilling the baseline questionnaire, participants in the intervention group were asked to access a website and complete learning within 1 month, while those in the waiting list control group were asked to wait 1 month before participating. A post-intervention survey (T2) was conducted 1 week after completion of the learning period (approximately 5 weeks after the baseline survey), and a follow-up survey (T3) was conducted 6 weeks after completion of the learning period (approximately 11 weeks after the baseline survey); both groups underwent all surveys. Participants in the waiting list control group were sent an announcement by e-mail just before T2, which asked them to fulfill the T2 survey and complete learning within 1 month. We obtained approval from the ethics review board of Hiroshima University before starting the study.
Intervention
Participants in both groups were given individual IDs and passwords before starting learning. The program is self-paced and consists of the following 3 phases (5 chapters):
Chapters 1 and 2: Cognitive preparation and motivation. The aim of this phase was to motivate participants to learn the program, to provide them with basic knowledge about stress, and to help them recognize the importance of coping with stress. In chapter 1, a fictitious case about two employees who confronted the same stressful situation and coped in different ways was illustrated. The different ways of coping led to different consequences, such as personal growth and depressive state. In chapter 2, an explanation of the nature of stressors, coping, and stress responses, and the relationships among them was presented according to the psychological stress model 29) . Chapters 3 and 4: Skill acquisition and rehearsal. This phase assisted participants to learn new and more constructive methods for problem solving in coping with stress. Chapter 3 consisted of six interactive modules, each of which was compatible with six stages of problem solving 27) : 1) describing and defining problems, 2) deciding which problem has priority, 3) working out as many strategies as possible to deal with the problem, 4) expecting that a certain strategy will lead to certain outcomes, 5) estimating which strategy one can successfully perform, and 6) deciding the strategy to apply to the 'real' workplace. In chapter 4, a simulation game was provided to encourage participants to improve their belief that they could successfully perform the learned skills in an analogous situation and smoothly transfer the skills to real life.
Chapter 5: Application. This phase was designed to encourage participants to put the acquired skills into practice in the workplace. Relapse prevention strategies and application skills were provided in the form of Frequent Questions and Answers (FAQ).
At the end of each chapter, participants were asked to answer questions regarding the contents of the individual chapter. Only those who gave the right answer to all questions could go on to the next chapter. To increase motivation and decrease drop out rates, three types of email were sent as reminders or prompts: an "inquiry mail" was sent to those who did not commence learning during the first two weeks after the learning period started, an "encouragement mail" to those who finished half the course of the program, and a "congratulations mail" to those who finished the whole course.
Measures
All data were measured by Japanese versions of the questionnaire and all measurements were conducted on the web. Rating scales, as well as the learning program, were only accessible with an ID and password, which was mailed to the participants. Responses to the rating scales were administered by the third author and concealed from others such as supervisors or occupational health staff. Details of the scales or questions used in the study are described below.
1) Primary outcome measures
Self-efficacy was measured using 17 items from the questionnaire, which was originally developed by Sherer and Maddux 30) and then translated into Japanese 31) . This questionnaire has the following two subscales: general self-efficacy (17 items) and social self-efficacy (6 items); this study used the former one. Items were scored on a five-point Likert scale ranging from "1=strongly disagree" to "5=strongly agree". The total score of the 17 items was used as an indicator of self-efficacy (Cronbach's alpha coefficient= .89).
Problem solving behavior was measured by an instrument developed for this study (6 items). Each item corresponds to each stage of problem solving described above 27) . Respondents were asked to indicate how frequently he or she used the strategy described by a particular item ranging from "1=not at all" to "5=often". Principal components analysis of the 6 items indicated one large component that accounted for 70.4% of the variance. The total score of the 6 items was used as an indicator of problem solving behavior (Cronbach's alpha= .91). This score had positive correlations with selfefficacy (r= .48, p<.001) and job satisfaction (r= .24, p<.001), and negative correlations with psychological (r= -.33, p<.001) and physical stress responses (r= -.19, p<.01).
2) Secondary outcome measures
Psychological and physical stress responses were assessed using 29 items from the Brief Job Stress Questionnaire (BJSQ) 32) , scored on a four-point Likert scale ranging from "1=strongly disagree" to "4=strongly agree". The BJSQ assessed four aspects regarding job stress: job stressor, stress response, job and life satisfaction, and social support. With regards to the stress response, the following 6 subscales were used to measure psychological and physical stress responses: vigor (3 items), anger (3 items), fatigue (3 items), anxiety (3 items), depression (6 items), and somatic stress responses (11 items). In calculating the psychological stress response score, each item of the vigor scale was reverse scored so that a high score indicated a high extent of stress response, then the scores of vigor, anger, fatigue, anxiety, and depression were summed (Cronbach's alpha coefficient= .92). For the physical stress response, the total score of the 11 items from the somatic stress responses scale was used (Cronbach's alpha coefficient= .85).
Job satisfaction was assessed using a single item, that is, whether or not the participant was satisfied with his/ her job. It has been argued that a global index of overall job satisfaction (single item measure) is an inclusive and valid measure of general job satisfaction [33] [34] [35] . This item was scored on a four-point Likert scale ranging from "1=satisfied" to "4=dissatisfied". It was reverse scored so that high scores indicated a high extent of job satisfaction.
3) Other measures
Job stressor was assessed using the following 2 subscales from the BJSQ: job demands and job control. These subscales had 3 items, respectively, which were scored on a four-point Likert scale ranging from "1=agree" to "4=disagree". Each item was reverse scored so that high scores indicated a high extent of job demands or job control. Cronbach's alpha coefficients for each scale were .76 and .59 for job demands and job control, respectively. The demands-control ratio, which was constructed by dividing the score of job demands by that of job control, was used as an indicator of job stressor. High scores indicated a high extent of job stressor.
Demographic data (sex and age) and information on interests in managing stress were also collected.
Statistical procedure
To investigate the intervention effect, the change score in primary and secondary outcome variable was calculated by subtracting the score at T1 from that at T2. Then, the difference in the scores between groups was examined using analyses of covariance (ANCOVA) with the T1 score as the covariate. We applied the same analyses to the respective items of self-efficacy and problem solving behavior (primary outcome measures) to evaluate intervention effect in detail. Furthermore, those analyses were conducted for subgroups classified by sex, age, interests in managing stress, and job strain at T1 to determine which participants profited from the intervention. Each subgroup was defined according to the respective median at the T1 except for sex.
This study did not deal with data from the follow-up survey (T3), because the follow-up was uncontrolled. All statistical analyses were performed on an intention-totreat basis; data from all assigned participants were included in the analyses independent of completion of the learning if they had both T1 and T2 observation. The statistical analyses were performed with SPSS 11.0J for Windows. Figure 1 summarizes the flow of participants through the trial. Three employees from each group dropped out just before commencing the study because of resignation, suspension, or a change of workplace. At the baseline survey (T1), 219 participants (109 from the intervention group and 110 from the waiting list control group) were sent the welcome e-mail and asked to answer the questionnaire; 212 completed it (105 and 107 from each group, respectively). At the post-intervention survey (T2), 204 participants (100 from the intervention group and 104 from the waiting list control group) completed the questionnaire, and data from those who answered both the T1 and T2 surveys were analyzed to investigate the short-term intervention effect (N.B. 6 out of 100 participants in the intervention group did not complete the learning). The retention rate was 90.7 % (89.3 % for the intervention group and 92.0 % for the waiting list control group). At this point (T2), the number of participants who completed the intervention (finished the entire e-learning course and answered both the T1 and T2 questionnaires) was 94 in the intervention group. Table 1 shows the characteristics of the participants who completed the baseline survey (T1). We detected no differences between the intervention and waiting list control groups in all baseline variables.
Results
Participants
Baseline characteristics
Drop-outs
Using the baseline data from the intervention group, we compared baseline characteristics for "completers" who finished the entire e-learning course and answered both the T1 and T2 questionnaires with those for "drop- outs" who only answered the T1 questionnaire (Table 2) . Drop-outs were significantly older (p=0.026) and had marginally significant lower interests in managing stress (p=0.063) than completers. The rate of drop-outs among men were marginally higher than that among women (p=0.080). However, we detected no differences between the groups in any other variable at T1. 
Intervention effects
Self-efficacy: We detected no significant differences between groups in changes in the self-efficacy scale (Table 3) . With respect to the corresponding items, however, significant or marginally significant differences were found between groups in 4 items from T1 to T2 (Table 4 ). These 4 items were all with regards to the willingness to expend effort in completing the behaviors and persistence in the face of adversity. Participants in the intervention group showed increases in the respective scores, while those in the waiting list control group showed decreases in them.
Problem solving behavior: We detected no significant differences between groups in changes in the problem solving behavior scale and all corresponding items in that scale.
Stress responses: We detected no significant differences between groups in changes in both the psychological and physical stress response scales (p>.10).
Job satisfaction: We detected a marginally significant difference between groups in changes in the job satisfaction scale from T1 to T2 (p=0.081). Participants in the intervention group showed an increase in job satisfaction score, while those in the waiting list control group showed a decrease in it.
Subgroup analyses
When we investigated the intervention effects by sex (male/female), male participants showed significant or marginally significant positive effects on physical stress response (p=0.069) and job satisfaction (p=0.009), while females showed no intervention effects on any indicator (p>.10). With regards to age (40 yr or younger/ 41 yr or older), younger participants showed significant or marginally significant positive effects on self-efficacy (p=0.033) and psychological distress (p=0.093), while older individuals showed no intervention effects on any indicator (p>.10). With regards to the interests in managing stress (no or low/ high or very high), those with initially higher interest scores showed significantly positive effects on psychological distress (p=0.029), while those with initially lower interest scores showed no intervention effects on any indicator (p>.10). With regards to job strain (0-1/1+), those with initially higher job strain showed a marginally significant positive effect on problem solving behavior (p=0.086), while those with initially lower job strain showed a marginally negative effect (p=0.067).
Discussion
The main purpose of this study was to examine the effects of web-based psychoeducation on employees' selfefficacy, problem solving behavior, stress responses and job satisfaction. Although many web-based psychoeducation programs have been developed, most were for psychiatric patients. To our knowledge, this study was the first controlled clinical trial using data from a normal population in the workplace. Our program seemed acceptable to the participants, with a retention rate of 89.3%. The main findings of the intervention effects were 1) increased self-efficacy, especially in willingness to expend effort in completing the behaviors and persistence in the face of adversity, and 2) increased job satisfaction.
According to Bandura 28) , self-efficacy consists of two types of expectancies, outcome expectancy (convincing oneself that a certain behavior will lead to desirable consequences) and self-efficacy expectancy (belief that one can perform the behavior in the required situation). Bandura 28) pointed out that improved outcome expectancy does not lead to behavioral change unless self-efficacy expectancy is improved. Therefore, this program aimed at improving not only outcome expectancy but also selfefficacy expectancy. Explanation of the problem solving procedures, the simulation game, and FAQ all may lead to improved self-efficacy, although we should interpret our results with caution due to the multiple comparisons.
Job satisfaction is defined as "a pleasurable or positive emotional state resulting from the appraisal of one's job or job experiences" 36) , and low job satisfaction has potential impacts on reductions in performance, product quality and customer responsiveness, as well as increases in turnover 37) . It is noteworthy that increased job satisfaction, although marginally significant, was found among participants in the intervention group, because improvement of job satisfaction seems important in terms of both occupational mental health and organizational management.
Nevertheless, contrary to our expectations, no intervention effect was observed for problem solving behavior and stress responses in any analysis for all participants. A number of factors might explain this lack of effect. First, the participants were limited to whitecollar workers, because the blue-collar workers did not have their own personal computers in their workplaces. Therefore, we assigned only white-collar workers to the intervention or waiting list control group. It is possible that some participants in the intervention and control groups worked in the same workplaces and therefore talked to each other about the content of the programs 17) . Some participants in the control group commented that this novel psychoeducation program became something of a topic of conversation in the workplace during the waiting period. The shared information within the control group might have lead to less clear intervention effects. These problems might be minimized if participants are recruited from a broader sample in different workplaces 17) . A second concern is the design of the web page. We explained six stages of problem solving in Chapter 3, and participants had to open the chapter whenever they wanted to review the problem solving process. The top page that summarizes the outline might act as a prompt or reminder that encourages participants to put their acquired skills into practice in the workplace.
A third concern is that the post-intervention survey (T2) was conducted 1 week after completion of the learning period, but long-term intervention effects were not evaluated. It might take some time to transfer the acquired coping skills to real life, thus long-term observations could lead to clearer intervention effects 38) . Van der Klink et al. 13) recommend that a controlled follow-up of at least 12 weeks be part of the design of intervention studies.
A fourth concern is the assessment of problem solving behaviors. The scale used to measure the problem solving behaviors was developed specifically for this study, and the psychometric properties were not fully examined. Furthermore, retrospective self-reports could not distinguish between the opportunity to employ the acquired skills and ability to do them. A procedure that allowed problem solving behaviors to be measured in analogous situations would have provided a better method for detecting changes attributable to intervention effects. In addition to self-reports and analogous situations, it would have been helpful to have outside observers (such as supervisors or co-workers) rate participants' behavioral manifestations during the data collection period to determine how well participants were able to apply skills learned in the program 21) . Nevertheless, significant or marginally significant intervention effects on problem solving behavior and stress responses as well as self-efficacy and job satisfaction were found in the explanatory analyses of subgroups. These effects were found among males and younger individuals, and those who initially had higher job strain or higher interests in managing stress. We will attempt to explain these findings by first looking at the characteristics of the completers who finished the entire program course. These individuals were younger and had higher interests than the drop-outs. Those who most needed the skills to deal with stress were more likely to complete the program. It is acceptable that clearer intervention effects were found among those with high motivation. It is also acceptable that those with higher job strain were likely to need the skills and thus be highly motivated, which, in turn, could lead to intervention effects. Eriksen et al. 39) claimed that motivation, acceptance and compliance are important factors for intervention effects. Another explanation is familiarity with computer and web-based training; male and younger participants might be more familiar with these programs than females or older participants. Furthermore, the contents of the program could have influenced the intervention effect. The program in this study provided skills to help participants to find by themselves appropriate strategies to deal with a wide range of stressors. The number of female workers in Japan who suffer from interpersonal problems is 1.5 times as many as males 15) . Thus a program that mainly focuses on skills to deal with interpersonal problems might be more helpful for female workers. Further studies are needed to clarify to whom and in what circumstances the program brings about the most benefits.
Before making a conclusion, we have to refer to several limitations of the study. As noted above, the short followup period, self-reported outcome measures, original measure of problem-solving behavior, and participants' characteristics (only white-collar) could have had some effects on the results. In addition, non-blinded trial and quasi-randomization according to employee number could also have had unexpected effects. Furthermore, the clinical/practical significance of the difference in the change scores between groups which we observed is unclear due to lack of previous evidence and lack of quantitative information. Further studies on the effects of web-based psychoeducation are needed with the clinical/practical significance of the change scores in outcome measures defined. In summary, this empirical study provides evidence that web-based psychoeducation is an acceptable tool for individual-focused stress management in the workplace. This study also suggests the possibility that it may have short-term effects on self-efficacy and job satisfaction, and that programs that focus on particular subgroups might be more effective.
